ABSTRACT
Introduction
Growth inhibition toxicity tests were usually used for determining the presence of toxic substances in environment (9) . Microbial growth rate decreases with increasing toxicity (4) . Bacterial growth inhibition tests could not be used in experiments with pure water, because they compete, when the nutrient medium is depleted. In such situation green algae could be used successfully for determination of the toxic and mutagenic effect of chemicals, heavy metals, pesticides or industrial wastes (10, 1) .
Algae are important system, because they could accumulate and metabolize nonmutagenic substances (promutagens) till mutagenic products, different from these in high plants and animals (11) .
The aim of this work was to compare the sensitivity of internationally accepted algal test for the toxicity assessment of soil and water. We determined the environmental toxicity of metal ions in drainage waters and leached solution of clinker, waste ore pile using the growth inhibition of Selenastrum capricornutum -ISO 8692:2004 .
Materials and Methods
Investigated materials -Drainage waters, collected from the East side of Plant for Color Metals Processing (PCM) -Plovdiv; -Drainage waters, collected from the West side of waste ore pile next to Agria plant -Plovdiv ; -Clinker, collected from waste ore pile with temperature 80-90 ºС (hot pile); Processing of the samples Immediately after collection the samples were put on ice and transported to the lab, where they were kept frozen till the processing. They were defrosted on ice for several hours without disturbing of their composition.
Water samples were centrifuged at 2500 rpm for а 15 min, after that they were filtered through filter paper. Clinker and waste ore pile samples were mixed with bidistilled water in the proportion 1/10 for The only change was the volume of the test glasses (50 ml), but the relation volume/nutrient medium was the same (1:5) as in the standard. Non-diluted and 2-, 4-, and 8-fold diluted environmental samples were used for the cultivation of algae. Cells density till 72 h was determined every 24 h using a hemacytometer under a light microscope. Three independent determinations for every sample and dilution were processed.
Results and Discussion
Investigated waters and soil had high content of diluted heavy metals, which several times exceeded the Bulgarian State standard (bold). The results from chemical analyses were presented in Table 1 .
The growth inhibition of Selenastrum capricornutum exposed to different concentrations of drainage waters from the East side of PCM -Plovdiv were measured as survived cells/ml. Significant inhibition of growth occurred at concentration of 2-and 4-fold diluted samples. This inhibition was observed during the first 24 h of cultivation and was maintained until the end of the 72 h exposure period. On the other hand, significant inhibition of growth was demonstrated at the 8-time diluted sample after 24 h of cultivation. Results are in congruence with chemical analyses, revealed 4 mg/l Cd in the water. This content is 80-fold more the value that cause reduction of growth and 172-fold EC 50 value for S. capricornutum (5) . These results show that environmental water must be diluted more than 8 times to be harmless for the environment (Fig. 1) .
The results from mathematical calculations ( Table 2 ) were in congruence with the graphics. Growth rates of algae with 2-and 4-fold diluted sample were negative because of the cell dead. Inhibition could not be accounted for the same reason. The growth inhibition indexes were significant (more than 100%) in all tests variants. One exception was the algal growth for the first 24h in the most diluted sample (8fold) where it was comparable or better than growth in the standard control ISO mineral medium. The growth inhibition of Selenastrum capricornutum by drainage waters from the West side of PCM -Plovdiv showed less toxicity of second sample than the first tested sample from East side (Fig. 2) . There was no concentration dependence during the period of exposure. The growth inhibition was demonstrated after 24 th hours of cultivation. The growth of Selenastrum capricornutum was reduced with around 12% till the 48 h, but showed significant depression at the 72 nd h. The Zn toxicity obviously is not as harmful to algae as cadmium and nickel content in the first tested sample -only three times more than IC 50 12.5mg/L (12).
The direct counting of Selenastrum capricornutum cells has shown the toxicity of the second sample. The specific growth rate and generation time of algae have proven the same ( Table 3) . Inhibition is demonstrated after 24h with an index of about 12 % for every period of 24-hours till the 72h of exposure ( Table 4) . The growth inhibition test with Selenastrum capricornutum by leaching waters from the hot pile of PCM -Plovdiv is presented at Fig. 3 . Significant inhibition of the growth occurred at all dilutions of the sample. This inhibition was observed during the first 24 h of cultivation and was maintained until the end of the 72 h exposure period.
It was impossible to calculate any values of growth rate (μ) and generation times (td) of Selenastrum capricornutum, influenced by elutriate waters from hot pile of PCMPlovdiv. Leached solution from clinker was so toxic, that almost all algae died in tested dilutions of sample, but not for first 24h. The complex toxicity caused by copper (16000-fold exceeded the EC50), Zink (22-fold over the IC 50) and other metal ions, could have been decreased by some substances, diluted in leached water from clinker to some extent (13).
Heavy metal toxicity was not immediately demonstrated in higher dilutions for first 24h. Growth inhibition indexes decreased from the 48 th h till 72 nd h of exposition.
Conclusions
Selenastrum capricornutum growth inhibition test is suitable for determination of heavy metal toxicity of polluted clinker and water. The green algae have shown different sensitivity to one metal ion and com-plex metal pollution. The growth rate, generation time and inhibition indexes are reliable indicators of pollution. Despite high concentrations of zinc in water (38.47 mg/L of Zn), exceeding by approximately 400-fold the EC 50 value for S. capricornutum (0.1 mg Zn/L), 72-h algal growth in the soil extracts was inhibited with 50% in comparison with growth in the standard control ISO mineral medium. Cell dead of algae was observed by clinker leached solutions contained up to 796 mg Cu/L. Decreasing of inhibition effect and rate of cell dead could not be explained by supplementary nitrogen, phosphorous, and carbonate leached from the waste ore pile and clinker.
